| MPROVED MODULE OF DYE SENSI TI ZED PHOTOVOLTAI C CELLS AND A METHOD FOR
MAKI NG THE SAME Field of the Invention 5This invention relates to dye
sensitized photovoltaic cells. Mre partlcularly, this invention relates
to nmodul es of multiple dye sensitized hotovoltalc cells connected in
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20  substrate with a thin film semiconductor layer with a nanostructure configuration, is layered

on substrate to form a negative electrode. A counter elecirode is then formed over the
negative electrode. A dye is applied to the surface of the semiconductor material. The dye
is a photovoltaic material that releases electrons to generate electricity when exposed to
fight. The dye-sensitized photovoltaic cell may also include electrolytes to replenish the
25 electrons in the dye. Currently, the light to energy conversation in such cells is
approximately 11%. Thus, there is great commercial interest in dye-sensitized photovoltaic

cells.

However, it is a problem that the light to energy conversion efficiency decreases as

30 the size of the cell increases. The lower conversion efficiency is the result of the slow
movement of the electrons from the dye that is restricted by the nanoparticles of the
semiconductor. Thus, as the size of the semiconductor layer increases, less of the electrons

released by the dye migrate to a collection point.

35 To correct this problem, others have proposed connecting dye sensitized
photovoltaic cells in parallel. Typically, the connection is made by placing electrodes
between the cells. It is problem that any break in the electrodes may disrupt the parallel



between the cells. It is problemthat any break in the el ectrodes may

di srupt the parallel 2 connection between cells. Thus, those skilled in
the art are constantly striving to design a nodul e of dye sensitized
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In accordance with some embodiments, the cells of the module are configured in the

30 following manner. An upper substrate made of transparent material having an inner surface
and an outer surface is on one side of the cells. A lower substrate made of transparent
material having an inner surface and an outer surface is on a second side of the cells. The

inner surface of the lower substrate faces the inner surface of said upper substrate. A first
transparent electrode is formed on the inner surface of one of the upper and lower

35 substrates. A second transparent electrode is formed on the inner surface of the other one
of the substrates. Negative electrodes comprising nanoporous semiconductor material are

formed on one of the first and second transparent electrodes. A photovoltaic dye is



5 The grid collection electrode is formed on one of said transparent
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30

in accordance with some embodiments, the grid collection electrode is formed on

one of the transparent electrodes. In accordance with other embodiments, a first portion of

the grid electrode is formed on a first one of the transparent electrodes and a second portion

is formed on the other transparent electrode. In accordance with some of these

35  embodiments, an insulative material is formed between the first and second portions of the

grid electrode to electrically insulate the portions that connect the cells in parallel.



I n accordance with enbodi nents of this invention, the upper and | ower
substrates are glass. In accordance with various ones of these enbodi nents,
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In accordance with some embodiments of this invention, the dye is an iron complex,

a ruthenium complex, a metal complex, or an organic dye. In some embodiments, the dye

may be an iron complex and/or ruthenium complex having either terpyridine structures or

30  bipyridine structures in a ligand. In embodiments where the dye is a metal complex, the dye
may be phthalocyanine or porphin. In embodiments where the dye is an organic acid, the

dye may be rhodamine, eosin, melocyanine, or courmarin.

In accordance with some embodiments of this invention, a module of dye-sensitized
35 photovoltaic cells is assembled in the following manner. The process begins by forming a
first transparent electrode on an inner surface of a first one of a first transparent substrate

and a second transparent substrate. A second transparent electrode is formed on an inner



15 inserted into each of the cells through the first openings. The first
openings are then sealed. In accordance with sone of these enbodi nents, a
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3 illustrating ront view of a prior art wer transparent substrate of a
nodul e afroging aneraniothered phot ovol taic cell s; Figure 4
illustrating a front view of a nodul e of dye sensiti zed photovoltaic cells

i n accordance with an enbodi nent of this invention, Figure 5
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15 inserted into each of the cells through the first openings. The first openings are then sealed.
In accordance with some of these embodiments, a second opening is also formed through
one of the transparent substrates for each of the cells to facilitate the insertion of the
electrolytic material into the cells. After the electrolytic material is inserted, the second
opening is also sealed.
20
In accordance with some embodiments of this invention, a first connection opening is
formed through a first one of the first and second substrates and a second connection
opening is formed through a second one of the substrates. The first grid electrode is then
connected to a first connecting electrode through the first connection opening and the
25 second grid electrode is connected to a second connecting electrode through the second

connection opening.

Brief Description of the Drawings
The above and other features and advantages of a module of dye-sensitized
30 photovoltaic cells in accordance with this invention are described in the following detailed
description and are shown in the following drawings:
Figure 1 illustrating a front view of a prior art module of a module of dye sensitized
photovoltaic cells;
Figure 2 illustrating a front view of a prior art upper transparent substrate of a module
35  of dye sensitized photovoltaic celis;
Figure 3 illustrating a front view of a prior art lower transparent substrate of a module

of dye sensitized photovoltaic cells;



SFigure 6 illustrating a front view of a | ower transparent substrate of a
nodul e of dye of sensitized photovoltaic cells in accordance with an
enbodi ment of this invention; Figure 7 illustrating a cross
sectional view along line Y of a nodul@& of dye sensitized photovoltaic
cell's in accordance with an enbodi nent of this invention; Figure 8
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10sensi édcéﬁo%ngg'gﬁtﬂ\é tng:!a%in(fe@lt o?th é}ngé;nqigﬁdance with an enbodi nent of this

i nventi on lustr a|n a flow diagram for a process of
produci ng of Flgunetﬁjmuﬁrahlﬁg dyfeons eiawiaf |aze@pphtr.'ﬁnwaltetna$léb5¢fetq ¢f a modide 6f d¢ince

ol bt 0sROS PRALY LIS ] SO0 wiPEh BRI 6 1l ihhadm 11 S | nvent i on

rel ates ye' sensi |ze otovoltalic cel arti u arly, this
i nventi on r eFiguess ﬂlostmjnjglae@ordfwermbfta fvesr dnzospasant subz@@temﬁ@trm@'ee af dyecel I s

connect g4 hg'itlfeg:r Lﬁrlot@ﬁtt?lgtc%hé in"RESHd r‘ﬂf‘t{et\hiﬁpér%:#wﬁo%;n@ f'tﬁ'ig‘ﬁ'%h ;relates to

an i nprove i'NCr eases he are I'sin the nodul e and
i mproves t heFighrect Hlugteting @retess $akiona! vewaleng tifl'ﬁe\((ﬂélalnSOCIlH\e P"I"I@erﬁmﬁllﬂéed As

dye-sen Illotté)\?tlﬁglccc%ll&ltiﬁagﬁ rd\éﬁéé iﬁ{‘QH"Qm'delHaﬁt &this n‘?’ve%éﬁusy on of the' r

20oper a |on I'S Fi's¥arecussion for brevit gure 1
illustrates agu:@naadldsmw a)fseaorpﬁ cross aectiomview adﬁﬂ@d@/@-%éhﬁ@ MPGRERI Ot ey s.

Mbd

o el £ oef i IE bR RK TR RPACOAEROL Rt 3n Lfodhiont SPIeTRloROn I B ¢

116- 122 are Figomt @diustsatingen flad] cawnm foelal procas Surndydieg ot Renedlilaekaye si des

of the agisaoenbndibldiaicARl iPRRoRlahbwit! BHEmitBleht LPBishiAderfior. connected in
el . e nas or co

par al | ection strip ectrodes 123 connect to
connection el ectrodes 125 and 130 mhlch connection to external circuits
(Not Shown) to provide a conduip, d DaCcsh@&t rons collected fromcells
105-122 to the external circuit. 1%gélguresﬁz and 3 illustrate top portlon
2oo1®nd bot t Bris pvention rée®sop dredssnsitized phosyolwe ebh Mwoe patismariyn this gur e

2, 1S a,Subakr alfe soft%g{g@gqgﬁ ML Sdyeddentiitdy @B%@QI‘E&&%&@%HR&%@WF

negatlve el ectrodes orne on a transpa nt el ectrode ayered over
t he subgarakel.e StiNaroe pegisslagpnthisondindion relaleg 4 ppdmeravet moefade PabiNgEaspgve a

phot Ovoggg'rgaléﬂgg g&l‘ls if tﬁ%ﬁ\ﬁéﬁ!@% qup}d@EQtﬁJ@eagééi BRnedilitySbetRbéd the cells

el ectro nanopor ous
seni conldufbedﬂOdiégatAS/dyeise@Siﬁ*@de@“EOiEe il krigyen N ﬂﬁ aﬁnésdiwusﬁlpf‘ <tf t8eiF i p

el egt ro%? q%qﬁ g%ﬁte@fﬁon?ﬂ@@%&%@w%?o%@ﬂ@m' on el ectrode 125 forned along a
first e 0 t?’le transparent substrate
Figure 1 illustrates an embodiment of a prior art module of dye-sensitized cells.
Module 100 includes dye-sensitized cells 105-112. Collection strip electrodes 115-123 are
located along the sides of cells 105-112. Strips 116-122 are located between adjacent cells
25  such that the adjacent sides of the adjacent cells abut one strip. Thus, cells 105-112 are
connected in parallel. The ends of collection strip electrodes 115-123 connect to connection
electrodes 125 and 130 which connection to external circuits (Not Shown) to provide a
conduit for the electrons collected from cells 105-122 to the external circuit.

30 Figures 2 and 3 illustrate top portion 200 and bottom portion 300 of module 100. Top
portion 200, shown in Figure 2, is a substrate of fransparent material with nanoporous
semiconductor negative electrodes 205-212 formed on a transparent electrode layered over
the substrate. Nanoporous semiconductor negative electrodes 205-212 have a photovoltaic
sensitive dye absorbed into the surface. First strip electrodes 215-223 are formed along the

35 sides of nanoporous semiconductor negative electrodes 205-212. The first ends of first strip
electrodes 215-223 are connected to connection electrode 125 formed along a first end of

the transparent substrate.



7 Bottom portion 300, shown in Figure 3, is a substrate of
transparent material with positive electrodes 305-312 forned on a
transparent el ectrode |ayered over the substrate. Each of positive

el ectrodes 305-312 is mated with a corfespondi ng nanoporous 5

sem conductor negative el ectrode 205-212 to forma dye-sensitized cell.
Second strip electrodes 315-323 are fornmed along the sides of positive

el ectrodes 3fgp &%gyommes %B@ngnﬁ%@é 35%09%b§ﬁétbqu a%%ér@ﬁi%at%ﬁr\ﬁ@?’ are
connected to connecti on ectro T30 fornmed along a second of

t r anspapesitiveselpeitadss SO0BHHR foameshpo i ransparenhelepie iaéfﬁ@ddwe(’/\mecwlﬁgﬁﬁectl on
el eCtrogggﬁnZ(?f gﬁs@?@n@%%e%o 3f0|'§|r351§ %rthte@l Gfthr derdorditg nl!\goporous As

can be ures 1 e two ends of tirst and second portions
canndt BeMigPndyet nega@vei@*eoﬁr@dala%vmh@ farmse diecsepsitieed sell.poredosdl W and

the secg I’égtr&{b@ Ds. CeQquorﬂ%rddé &%101%9%1669 pbsinge QféEtr&jes@ﬁLﬂ@ 2 deRoRxPOSE

connectl1 on el ect I’O es 125 an or connection to external circuit I’g
Thus, tBedsefascend stip alestiodes dmdR3 Bee eRIRPAIPE del connestion elepEedeot 3 fogped p

el ectroggs Jaléc%ﬁé e%BrH?ffﬁé tr%ﬁéda?er{]t%bétﬂa@e et Q@wb&% BN ARY eHETRGIhiOH

break in s rip electrodes break parall el connection of cells 105-112.
Thus, tﬁ@"@y@qréﬁﬁ?t@d@uégeﬁtqobﬂ%cWQ)tOtﬂf@éRf&g@e@tMes|2ﬁ§'r28§ses the handling and
mai pt enance costs of nodule 100. Figure 4 illustrates nodule 400 that is a
nodul e of dye-sensitized cells in accordance 20 with an enbodi ment of this
i nvention. Megkebageen fiemfdewes e, berypendeal el and sgygnd portioey pgpnot be

col | ect gﬁﬁheﬁhﬁ%tr&é’rdi%s (Jl%qv'sfhﬁzf?rst éﬁ’cPoﬁﬂQt ﬁéﬁuoﬁtﬁdooémﬂ tﬁehgedbﬁble%dt& %bh@ct

rel eased el ectrons and to connect he cells in para el . Strl

conduct Poréomgpete &KtezldPUbﬁHmQQ'ea?’rO@ tp sxaPIEICAINGRECN AlecRAcs 125 Qj@sﬁﬂ fogel I s
405 andg4heciin Q&pé%ééfrﬂgi endsup’ R %499@ §f”thep RIS LRgE De dtBxiftiedr
bet ween adj acent cel 5-412 such that the adjacent sides of cell 25
4051511 2Fatharmeree s§inr ﬁlgctrqrdefssme‘r%ﬁ aannept egllsctObode ingparalie! and@ny slefget or
conduct g, FRARS bRLiraIA e th FhraRBikoAhe@hlot 4fSoblP1 AMthusckeRdsiends St I p

el ectrode 450 1s strip of conductive material along a second end of cells
405- 412susphptine to Wﬁal@gedh@ﬂ'@%f??%é%e gendisasad mpintaeance cests o a19dulet 9]t t he
paral | el connection between el ectrodes is naintained even if there is a

defect in one of the strips as the connection of the cells renmins, intact
through the Eigrfettiveiimies groddle 490rkat ipBmaduissoisyerseasiizad cells thHriroEtaneh

el esd r o aftZemsiimédorahR nﬁ@é?ﬂ%ﬁt Q\ﬁ'odtﬁé 266 thRlREt dyRdRRsFePBHRSI04 ENdS  of
modul e 400 through openings th roztg@ transparent substrates on each of the

first affdswlerencslgstrasesnbtiufed angh 4ResWrRA BRLRIP nantollest relgased

connect 5RBrdHseHd t8dBnALt the cORNMMBELAH. téiﬁgS’éJgfhccﬁe@uctﬁr'é rRRGRAING 5 dhdan2Bi 4ret
transparent substrate on a corner on a first side of a first end of nodul e

400 andlosale mipngdhacetsraides @cefis 485 290 412 aﬁ@r@ﬁ@%ﬂ%&ﬂ%PBW@Hu'arﬁoapesrwag in

a Seconéle&t&%%nﬁ%mztz é?@ b%t»@ébrn”&ﬁadé'ﬂt aelﬁ,amm B8 10ht Be %@9@@@& et ifcelrodul e
400 that is diagonall 8 opposite the first opening. However one skilled

in he 40844 phu roééc%fm z%"’sﬁ ﬁﬁ‘ﬁ stripplectrde 4A@ iH %a@pﬁyowqwﬁ peksal 3839 8i ons

al ong tfiet Eid §ftceﬁ§‘d0§-ﬂ¢9@ﬁd %@e&d(ﬁndw&z@cm a0 1B eUitriglsahtiuaie niemd hi s
i nvention. Preferably he o enln s are diagonal fromone another to

maxi mi z@oPH& @ﬁ@parﬁf@ Btetcwée t rigesset 8f sk iefckades sUEPwEINdothe cells

col | ect gehtd @t Heapsiel §enn‘éct.on betwe&a sae&t&%e% i@Rthirfaihbd B8 iftherd BR MFEdti On
500 and bottom portion nodul e 400. per portion 500 is fornmed on

upper t Naner{tentrigg @§tth%t°@”'?ﬁ5’§°" opphercalls é‘i’fﬁﬁ'&? dhactdiipsgh fecHqBECiASHede of

tragspasBet pBAbRS idtl the NRNOP 0L SR cBETTRRAGYES abs NR@ALSY Qrelceahddsteso 2PE- 512
are formed on a transparent el ectrode Iagered over substrate 555.
electrodes on opposing ends of module 400 through openings through fransparent

substrates on each of the first and second ends of modute 400.

In the shown embodiment, first connection electrode 425 is connected through an
35 opening in a first transparent substrate on a corner on a first side of a first end of module 400
and second connection electrode 430 is connected through an opening in a second

transparent on a corner on a second side of a second end of module 400 that is diagonally



10 Nanoporous sem conductor negative el ectrodes 505-512 have a

phot ovol tai ¢ sensitive dye absorbed into the surface. A first
portion of the grid collection electrodes surround nanoporous seni conduct or
negative el ectrodes 505-512. Strips of8conductive material 515 and 523 of a
first portion of 15 the grid collection electrodes are along the outer

si des obppusijatthe dirgl eraningd e SioBeBerarmpesakiiegt inohsodt vyl derpgniBe thaldthaé tBeo.
Strip e 8CEY s&loRAdnad 88 nelaredod Wit t hat
t he adj gceﬁriggg'ﬁa%%éq %ﬂ% ?E)%t;%%%ﬁgfg@tt%dﬂg %Q%Saocom‘?on strip. Fi rslt end
strip efleraringloBadisi ipventionr i fretsratdnritia opeviagsare diagPnall iy oae faneter éhd of
el ectro Qﬁl{é 3 B Q}'rﬁié{h@ ciref] b@le%te'atffdnptrféfceus
conduct ﬁw\%enﬁ%%fg??d%lt o%g‘ggé}g%'g‘g%ﬁg éZSe‘ ect 33%5 50% 51 Second
connection el ectrode 430 connects to the first portion of the grid

el ectrode Vi gan.co BUBH R0 4iPBoRR RhidHossy 8 BRQuIESIwN i n
Figure 6). ﬁ'ﬁﬁ ort'ﬁ)%@ﬁr%g%%ﬁgqﬁ%gs le]rst conngctl op(r% openi ng 525 t hrough
subst raUéP@SBOFtIFhr@O tofaTeeti oh upbet freoeraros At 88RnedPR]Y tnsRa&sdond
porti ong i hie 5851 & %Lﬂaegft 'trﬁﬁ'sp%héfﬁtﬁqggﬁal( Sh@éMbp'oFbLE' SéthBofductdi RetHivé i 1 st

connection openi nNg own enbodi ment, first connection Oé)enl ng
525 i s electrodssr 5%5*53321 ase fiomad enc gRnsparentseleaiate yeredpver AubsEale 535 & st

conpect I\lﬁﬂ oG é&?m% resgs%deaeam%etso@rmwww pRRAGV LR :%rn%i‘tueé abby

di agonal 'y arrange Wi t ect to one another to maxim ze the distance
bet weenaksaiprstinicothe sbdader odes which in turn maxinmizes 30the el ectrons
col | ect ed. Bottom portion 600 is fornmed on | ower substrate 655.

Lower substrate 655 is made of transparent material. Positive el ect rodes
605- 612 are Adirsterbrien af theagrishenlieptioneplecttadsgssurrayes aaneRAEUY gRiaiFonductor

t ranspapentig léié%irb%ses@?%z Egﬁ@s%ff cQﬁ’cﬁJch{/é’ﬁma‘{‘ér%PBﬁ@Qﬁé 5895f & hirst ipsrizAtard

35w th a Torrespondi ng nanopor ous sem conductor negative el ectrode 505-512

to for mr@rmldcqoiw@nmmew@ adas1d the potr aigles obnrgadiNg plestiodas R0RaNdR124! |
recognig ! rmgseg hY&uI€ 586! r@ﬁﬁ@ec&o@&ésﬁs@z%% H&%Qn%}a@eﬁ%lé&ﬁﬂ@@dl ng

nanoporo S sem conduct or negatlve e | ectrode - . A second portion of

t he gri 80612 seeh bat teadiacsabgdes of gletipdas §H5't5ﬂg albk“a?@?)‘ﬁf*’é’ﬁtsm% Brenfode
over subgt, re?éd%roﬁé%a;@%* g, QP&%d%@t%Jet in¥Rrigl 86hy adest &Qﬁof@é’otro@bé 605- 5ap

conductive nmateria an he second portion of the
col | ect pesh sep@st e@@éyipae@cmdﬂméw rrfeao‘itf'@rof sqoaégctwﬁ r@@*@&%’r%@% a6§%’°8ﬁ0°f612
at  gpPPOglRg.fRAdH s 1omodul e 400. Strips 616-622 are between adjacent

el ectrodes 605-612 such that the adjacent sides of electrodes 605-612 abut
a comon strip. First end strip 640 is a strip of conductive material al ong

a first end gfecon]cocéﬁ“ln%ﬁﬁcfrpgi‘éétr&%54(§)130%@ts%0@@dlrﬁ%rtﬁinréfﬁlh@%@!dléiecﬂro‘abr' p

of conductive materi al ng a second el ect rodes 605-6 st
connect Vigrenepranindotieougpsovempretiens 6@ of Awdyle RASHeriB e Bhe TP PATtion

col I ect BGU‘IHQIUQEQ ?i%@@énﬁ@cﬁo@ﬂp&ﬁ’@d‘ﬁ@tﬁr@g‘ﬂ%ﬁﬂsﬁﬁ@@%p@' s @mnettidnodiedidel e

400 (Shgg\g ISI (r:]onne%tuerdeto 3 second portion of the grid collection electrode (Shown in Figure 6)
through first connection opening 525. In the shown embodiment, first connection opening
525 is in a corner on a first end of a first side of substrate 555. First connection opening 525
and second connection opening 630 are preferably diagonally arranged with respect to one
another to maximize the distance between connection electrodes which in turn maximizes

30 the electrons collected.

Bottom portion 600 is formed on lower substrate 655. Lower substrate 655 is made
of transparent material. Positive electrodes 605-612 are formed on a transparent electrode
layered over lower transparent substrate 655. Each of positive electrodes 605-612 is mated

35  with a corresponding nanoporous semiconductor negative electrode 505-512 to form one of
dye-sensitized cells 405-412. One skilled in the art will recognize that positive electrodes



15 Lower portion 600 includes second connection opening 630 through
substrate 655. Second connection electrode 430 is connected to a first
portion of the grid collection electrodes (Shown in Figure 5) through
second connection opening 630. In the Shown enbodi nent, second connection
opening 620 is in a corner on a second end of a second side of substrate
655. Fi PYe-643miemateshwiip eRireRpOsYIg MMBCRAREH BEBIEARKALAr AI1FoBHENTIPET B8P0 o
preferaBhy 20 diagonally arranged with respect to one another to maxin ze
t he di stance between connection electrodes to in turn nmaximze the

el ectrons col |l ected. However, one skilled in the art will recognize that

ot her arrang@angdond anrﬁ&ﬁopmngﬁé 'c@[ibcﬂ&?@lé@ﬂ%d@é %repﬂﬁmeel &h Wel hamdparent
departing fromthis invention. I n accordance with this invention, the

conn2ct PERtrefrepian §aLH@iRI69haYd BETaURE Begkve ﬂ’@c‘éﬁﬁé"sqoﬁeﬁ 12y @rﬂmf@ﬂ%ﬂ%‘w ow

connect RerR 64588 BIREFthORecchd ﬁdrﬁ‘&% BP%%Sngooccglbbt%neéls&Fdd@Q%e anh the
connection openings allow all of the edges of portion 500 | ower

por t i on©BE0sies peelasyies A0S PRS2t ﬁ@n@p%eQ 6nds Hgme@l"ﬁ 409. nSfrHPé %@cﬁﬂ%ﬂrﬁay be
i ncr eas gghvebRViRadRAl bl @RU@H.62 !;lﬂﬁ' t‘ﬁgﬁﬁwef é&]ﬁéer@%%brtﬂ%l&@r@déﬁﬁoshﬁgugh
substrate 655 |nto 30 each of cells 40 . 'First openings 660-667 are
used t oabepeameEpa &iripo FiFst @drﬁrméﬁi*%ls 3 ﬁt!"B Oéaermtt?flvq:ma 'awsnmi'rstﬁﬂmf
openy ng@ze@@&de@ﬁéo@éez 08! oRd te‘ﬁﬂ éth@ eBoestd Qbig bf c@ﬁd&m@hd@d %At 8d
into cells 405-412. To prevent bubbles or vacuums fromformng in the

el ect r oP§AANE ofglestodas 45t ed |nto the cells and to assist in the flow of
the electrolytic material into cells 405-412, second openings 670-677 may
al so be forned through substrate 655. Second 35 openings 670-677 are then
seal ed after Ftrﬁew@n@&qno@'woée febeqangects do fthes 89qosd . Portingsef g igrid €gliegiicfne

art wi | biob@sRANiZ &t &}, r{ghﬁroﬁ@ﬁh&:pef {)bt‘i‘iénfﬂo'bséf @B&uéa@@qghmm F@%ré@)’ be
renmovabl e to periodically replenish the electrolytic material w thout

depd? t | h@wcfrrraﬂﬁiqrhmo iﬂﬁ‘&*é?ﬁ pefipnd-rgnpradien opening S3P Nerav%h BURStRIRRT | BFFOBE t he

cat al yt pgniaRtieH eRlctrodd 430 ORBANGIESI &5Q- a8 F@r‘h@n it ago Rkl sblepRASEb&rcREONd
openlngs 670-677 in each cell 405-412. Preterabl e openings are in

th
di agonalShPWepiBdEe e DdPinsiel seaonthsaResion ﬁ%e'ﬂ"‘%tsé%é” theo WYY SMBAEMERE| | ed

in the %&anbhnéc%ﬁﬁ%Bbﬁsﬁg tsb@ts iRtN@Fn VAfd oAl A f 8ketdiR didd 6ﬁsu@§t¢at§econd
openlngs may_be used w t hout @&Srtln 5fromthis invention.

7 and 85%%-e firshsenaeation APENING; eams B¢ SKEOTY KRENSElign PPENBERRY AiF PF%F‘E'M to

desgg i bgiahtealg oamanRIt Sithf rdzpedt! & 408 ar'FcthéH € 7mb>h||n%t Rl @fstahcer 86tveen
sectional view of nmodul e 400 along line Y. shown in Figure 7, nodule 400

i s madeCYinegibeleeredpsgarieMm rﬂ@"@@ﬁéh? &te@tree%c%e&fqdo PWeVeESaslRd In
substrate &%5will Yeeynide f—h’% W&@rr&?@@ﬁkh@ f WCWChMberﬁlﬁ@l%E@Vp@%lble

substrate 655 may be made of any transparent material. Prefera

transpaWEWF”§UE@FW§t@mB§QEdHH“F@ﬂer”&?%ﬁ@ﬁﬁpgdfmbdﬁ%ﬂ?ﬁ?@@hﬁgeé*%nﬁﬁQQ of

ei ther ghamifysHedd Gt} b& thrEXARERD @éstetwbeﬁa@ftog\h@mohﬂf@morﬁr@vm@;ouﬁ@aloho
forn1upper transparent substrate 555 and | ower %@Qﬁg?r nt s bstrfte 655

i ncPudeSlegiirdesrte ot elechpdasd {I’Be 9RBRERLON; RIS SP9%° 61 HBR®™ and
soda gl psrtion B¥aERLasWE pdriBE 800 o Bbasithe® THR! tHERYizd 6f th‘é%bli&@n fi modplger
transparent substrate 5%5 and | ower transparent substrate 655 include, but
are not MBY REiRIEIBY: pol yet hyl ene terephthal ate, pol yethyl ene napht hal at e,
pol ybutyl ene terephthal ate, polycarbonate, polystyrene, and polylnlde One

skilled in the art will recognize that different types of teri be
used to for kWY RO GBS st 'BEUdRs A OPERIPSF @ﬁ%@‘# Hejop g subss fﬁt"ﬁgéﬁt”f’@n

Firss teéeagnserasentsoslact rmh@ opdrinkS 6b0EER hreNisal t MIeF @@Uﬁfoa,@e redtetiglNe
transpar ent substrate 5 and second transgarentéglectro s fornmed on

an i nnefadupfieals 49p- ‘}13W3F”5tt CRAYPIF BRP-68( 158e Sgpled st the ?'§?tr‘?!¥]"é?n'§‘ﬁt'§l”@ s

el ectr Omeeﬂé&;nwﬂ@blﬁemnﬂ pit rﬁflﬁr@@élﬂrﬁubﬁleecdrr\@d@umg5{0%1%rrffay irbﬂweaeiéaFtﬁUttE:t | ve
nmet al oxi de. Ies gpdagnductlve nmet al oxi des

(oo Daiseabaaiat e fecirde 09 o aacisundhe Tow s dn, PR ReladaE i Sells”"

i ncl udeqpsoytz, ade%oﬁ@'fopbhtﬁgé 8d0i607 mésdlamm st RRGhetii tArodyh GRibstzdt@ G58X i S€conar
fluorin doped tin oxi

first tran ent el c ode 7 2, and
e o b S SRl e Dl SRR SDiaeBbECHiade ol 7
t r anspagendrt wiioweygiize Plabele seHresf Bk et 1d @éc@na&mebmgslm be3 fenvdviableutio
departin fro this |n¥§nt|on Fur t her nor

condugGti v
o e (aicleal taA e SRR e S P oHeLoRarnG RPN MYBBIE nie BEbe. of
material used to formupper substrate 555 and | ower substrate 655. Che
skilled in the art will further recognize that first transparent el ectrode
712 and second transparent el ectrode 711 may be forned of different
materials w thout departing fromthis invention.



35 11 Figure 6. Nanoporous sem conductor negative el ectrodes 605-612 are
formed of titanium dioxide (Ti02). However, other nanoporous sem conductors
may be used included, but not limted to, ZnO Sn02, Nb20C5, W3, and Sb20Cb.
A photovoltaic sensitized dye is then1&bsorbed into the surface of

nanopor ous seni conductor negative el ectrodes. The d%/e may 5 be, but is not
li mi t edfaciifatathel ingtiooeighesatalitic matesial, firt caaminesGod Gi’e@raldlaﬁ@ﬁﬁtiwpoaﬁ%l an
or gani cogly@q d%enfngg%rerert% bea MW?XowS@%@'d&eE%QéFé g dganally
structures or bipyridine structures in a | exes That” may
be usedopesiteiderneuto meximiza thei distaaee.t btowgmmézn@@iitﬁeﬁ! Hﬂa”@n@l’i Sl fﬁﬁpanize

Or gani Cth%}/gﬁtet *aatf.gm(t.ogs df S8 if s Sht AR oorRd b dHiflys iy I MideBCluiout LBEAAHAG
eosi n, ocyani ne courmarin. S e {ne art Wl recogni ze
t hat5 1ofr@l@ﬁhleatweu@@ of any of the above listed dyes may al so be used
wi t hout departing fromthe invention. Furthernore, one skilled in the art

wi Il recognize that the type of dyes that may be used will depend upon the
mat eri al usebiguesfoand Bieee nenssporinng! vews alpnguines X suhitshown d Eigurodds. 15A

counter g bt'tﬁg hﬁﬁa hERS&f! Rod L RS, ¢y AJrQ“ﬁﬁHu?.HQEUaaE%s@Ss%cﬁ&técl Qidwy ardye-

sensi ti z nanopor ous sem conductor negative el ectrode as is
shown b57109@|§|4q0\,€é0@ e Y ods $o9niin Figuge e mpduleréi0d atadg, of upeet baparent

posid i Vg rkaet §9ﬁ§na 3;@%@&@@&&5@ sdg1al EQrttFar%%a:%nP@&@tr)éﬁst 559knd

regeneratlon or are alr In e-sensi |zed cel p05|t|ve
el ect r ol@weRdanBRAredl mtr@te B5fe mant b mdenﬁt any é'laﬂélb%{?@dméhmah iFrefarafty on

suppor t tra%%r%@%ﬁ%tta){é E56Bh& lidvikr tf&?ﬂép@r@nt Qistrafe arte' rﬁ&&eeé‘f é;ﬁhep lg%fsls M and

car bo ectrol tIC material 715 1s inserted i nto each cél bet ween
t he pospiﬁﬁftﬁe 6*@@@*9@@&3@@\@1 of plasy e oo e usetric B UBPST trﬁ@@&f@f\téuettéﬂf?r ode.

El ect 1 obyd bea Rk thﬁt SBGbR 635 AEABD) 6. 3Pb YR ImRAL S 18t IRa@/qidd, | Oni ¢

| i qui d based el ectrol te t I'n each case Is contained 25 in a redox pair.
For 15ur presizlags, end sodreglass. pErasmplean yees ef nlagigs dhat enay heosedtte iFar erRer e,
ol ten ﬁ‘»QAsfpaYéHt Etb‘oét:%téébsaér%clbmﬁtﬂé‘r@p‘éﬁén't ¥ut§’&rtaté/@5§|ﬁl:lhdé hat st Bmited td, ng

poi nt nbi ent tenperature. Electrol ¥t| c mterial 715 is conposed
of a re@mxetbﬂerﬁe cdmeahthlé@tq n polygtiyiene sdepbihalaternepelyRilienss olt¢f@RPthaiaie be a

pure or Qﬁfﬁa%&%'té’ %ﬁys@frer%n ah@® Bbi?nﬂnaél upde sﬂﬁte@anctﬂg*éhﬂﬁﬁ FQRBgREe tiRR Yfferent
sol vents. ganlc solvents that ma e used include, but 30 are

not ||rrtyt>@%|0t d“ata’é%t dm&t p| ysed ontefmdRe twpow%?/tateﬁuw*@ouaud@Wr‘g e dhisit e,
and,pr opydeig. carbonate. Exanples of the ionic liquid that may be used

i nclude, but are not limted to salts nade of cations, such as quaternary
i m dazol i um based cations and anions; iodide ions or dicyanoam de ani ons;

and bi strifl pesoppkPientibiRine 71D Q%ﬁﬂé@'&ﬁ anTiﬁﬁerf SiHRte RAI Uppbh @hndpayerhe
used include is not particularly Iimted. Exanples of redox pairs that may

be usedsusiratel SRfeanchsrcoad drapsnarentgledwded 1] I@t‘ﬂrﬁ@dm#ﬂ o %faicsﬁé ONYRA

brom nepyidoBre e tiatd €555 - Fifdk fbRI RN eldchBdé ?@@én@@édonbfirah\%ﬂr@@t addtldgkodi de
ions. Additives including, but not limted t 12 tert-but |\)‘%I’Idlne and

guaffi di Al hmavmeowan%uféth%nwebeEm@as %C?woév%met%l% Yy8ax be
depar t i gl o GBIk Rt tlaR¥SEMQUlectrode 712 and second transparent electrode 711 include,

but are not limited to, indium doped tin oxide, zinc oxide, or fluorin doped tin oxide.
Preferébty, first transparent electrode 712 and second ftransparent electrode 711 are
transparent or substantially transparent. However, other types of materials may be used
30  without departing from this invention. Furthermore, the type of conductive metal oxide used
to form the transparent electrodes will depend upon the type of material used to form upper
substrate 555 and lower substrate 655. One skilled in the art will further recognize that first
transparent electrode 712 and second transparent electrode 711 may be formed of different
materials without departing from this invention.
35
A nanoporous semiconductor negative electrode is formed for each cell over first

transparent electrode 712 as shown by nanoporous semiconductor negative electrode 605 in



Figure 8 illustrates a cross sectional view of nodule 400 along line X in
Figure 4. A 5 discussion of the conponents shown in Figure 7 is not
repeated for brevity. In Figure 8, the first and second portions of grid
el ectrodes are formed on first transpdr!ent el ectrode 712 and second
transparent el ectrode 711 around the positive and ne%:;atl ve el ectrodes as
shown bFiggter 6 pNBEoB28 sgmibopdacteazgative tlackpliss 6@heTHare foongd of titanainyri d
. r098§ﬁgr(ﬂdf HBile {ﬁq SingeRbTbob R s@ﬁﬁéb%@ﬁ&o&%%ﬁﬁ& REd WRfRCH Ut not

portions t he rt| ons of el ectrodes are
deposi t buitets ta Zﬂt@ nShP4, an@mOsc @ndvBbast e E?POfOVHHé'Cng@'**é?%@Wdﬁégeﬁmy be
formed | I BRSd g@rbon
past e, A e e e e R o ot
depaf ti h@ it dsnnphlingitech tee @ni iem. campleh & FEhNIUM PoIPiRX AgNetR) perBpisx Nz B

bet Ween?rggﬁic t '/9{1§orﬁ£r Ll gorﬁbl@? tain JtéiL Jigid &kicded ol Bp§lanary be
t her nopl ast | |Im erno-setting -curabl e adheswe glass frit or
cer am cstruptureatn erligans (Metali Wﬁ'@iem tB@tSmﬁmbeUéseds'é@lU@Q) b e Defelipiéad foons of
the rody rhﬁalb&%wéeénd %&amhatdfa&.é 'd% QF YeRlsaY iiffudeN B RbIrRPlihRePiceVent
direct electrical contact between ro €s on the separate portions
of noduthedaoine, zosangme@csamm LRI @nté@aarm émﬁ)mm]m tbe ait piloeeagnizgthat
asseh! bflaBvddURy B 1Y S5ov8 ARI gy’e%dmammveé L8bs mﬁbut%éﬁanﬁ@%mn@e

with the invention.” Process ns in ste formn i rst

connect ingentigpe fiurhesrBe g skiled ﬂrdtf@cﬁﬁml&trﬁemn@ﬁéfaﬁtﬁ@e 86 of ﬁyqsvptbefsmﬁ)gb%nds

of an uppey wmr%g%n Q)ﬁ!%ﬁ thé AR %?éd ?djkb?Fnr fbShanbPorbll€ sEMRBANIRBL n&dve 1 n
Figures 4-8, t openi ngs may be fornmed by renoving diagonally opposite

cor ner seleeteadess each of upper substrate 555 and | ower substrate 655. First
openi ngs 660-667 and second openi ngs 670-677 are forned through one of
upper substrate 555 and | ower substrate 655 in step 907. As shown in Figure

6, 13rst andAsexbrrl pgrlivenglectsods B &revedbpy, |0‘d?ra§@ﬁﬁéﬂai%/ 66pplesfora andve-
anot hergd niieag Qeﬂ;%\}ﬂh ndrBpSbE® sgﬂﬂ%onéuétbrr ﬁégét:(/@%?é%ﬁ%@é”as% %ﬁé\}&ﬁ’@? pbkiive S

formed on upper ransparent substrate and second transparent el ectrode
711 i s ¢leetrass 2P indvieyre %Optﬁlf%[ﬁ§|Mai*@rﬁ0U§t%§Pﬁlﬁ‘H%e@S?)OdeTﬁe’nWﬁ Aag e H t he

trans pa{h%f‘éﬂ@'a@%tcf 243 fdrsreﬁa@kréuow&%dea& aamrtﬁé ey& @énsl&fz@&%éﬁ Thléwgm@s of

processes t used i ncfude, but are not limted to chem cal vapor

deposi t pleprqRVIDRY bepfasyed e Shp satalyss matarial 9ItA% en iafgnsdAtons ﬁwnOé*d "Rt he
art I h $LERS ORIt BB UAY £nd Hrsschangeabl e. One skilled
in %dkllme %art%@&qﬁf‘bﬁ?so%ecogﬁl zg th’at thpzakstuep of formng first and second

openings (as described in step 907) nmay 35be carried out instead after the

first and Seeeef#mw@ﬁa%%éﬁms 8liReHeades eQé‘?Y@etpﬁéWeé@EH'@iSbsﬂﬁeté%trroﬁéFéﬂ@t' ve
transparent substrates as set out in step 9 In step 915, the

nanopor BasnaneppesiA disctistndeeigatriegativel @'@W‘Eﬂfes 53?5’3'95’1‘2 magtarigl o7r1r§eﬂ‘aé5rp%af‘| rst
onée Of &r’géﬁ&: sbfv@ﬁtsél@&ﬁﬂ}te et 8R g fquld Bagdels QFMAE tHidt AN RN it iSlethinede

711. The nethod of form ng nanoporous sem conductor negative el ectrodes
50525512m| & regsx PRifi el PHBosen &F thie easriniiede a8’ ONEkad e @ BPMH IPERIBWE t hat

may be psgsh kBEhHIS isPAY e%rc?ro&%tmibél@‘ é&:@eté&h thatBid @dSeltig \/M&irﬁ hower than

di spersion solution that is obtaine di spersi ng, conmer Ci acq%%laval | abl e

sem condnbient termecdie: | Beeeolytie ’Ha@ﬂﬁké{ﬁ i Cd!inéo&éﬁ% OHA TRER RAH Bed 41 @
sol ut Olfhuﬁd@BIv@ﬁtn Tl% lﬁhﬁp%l%tqﬁéﬁ%eaa %%“e %@anﬁ@&@%t&frtﬁf ides g Qg or a

additives are added (if required), using known coati ng nmethod such as a

screen $Mkieatieg qfémﬁ@dsoh&nﬁsp. Exanores ﬁfgorﬁ@fﬂ'ﬁ@a'veatsd%trmy bt g8 InstuAgdbUtan

i nkag et 5 @efdofhited [@léceﬁﬁﬁﬁﬂeng ABHBRA prébiGiFRY QR EbdrRiEd108hd @Fodyhkﬁe' i ke.
10 Sinteri ng of the nanoporous sem’'conductor can be achi eved wgt heat or

pr essur@r dExgmeligs Pﬁ@eﬁﬁ"é’@?‘ﬂﬁﬁ that mayder usegagivdg buters not limited to §3lisg o

920, the,go%k bhtkhseb&H é@g@éemfarg aasils BHsed fatismdamnafose Gemde e &f
first transparent electrode 712 ‘and second transpar ent‘_ eI trode 711. The
posi t i védicxaneamidsgagons; and bistrifluoromethyl sulfonylimido anions he r ox pair that may

be used include is not particularly limited. Examples of redox pairs that may be used
35 include, but are not limited to, iodine with iodide ions and bromine with bromide ions.
Preferably, the redox pair is iodine with iodide ions. Additives including, but not limited to,



15 may be forned by screen printing a catalyst material onto the
transparent electrode. One skilled in the art will recognize that other

nmet hods may be used without departing fromthis invention. In step 925, the
portions of the grid collection electri@des are forned around the cell 20

el ectrodes. The grid collection el ectrodes nmay be fornmed by screen

pri nti nigri-hudviexisine, end guaridinivmeBiceranaie mavialsd be adeqddgrine elechialytegyifopt
processg?:pafrm{ +h Higgvienportions of the grid collection electrodes nay be
used wi t hout departlng fromthis invention. In step 930, an
insulation layer that may include an adhesive is applied over both

25porti ons Ofig UF%%'\II@S[‘?QQS EQ:HE%%eefbr%‘Pb@W@tn%u@éo@QBn e X in quure kn step

940, the edges of upper portion 500 and | ower portion 600 are ned. The
por t8 on@lsw@loméﬂ"%mmmnt&ﬁh@w imfiurRy is potdergpteditor brayityy é’pFlgsr@ GRS

connect {@Na kel &&HhQPBRIhOES &W@&Hd@g aFJ‘%rrHQdi bh ARs trQﬁsptaPéht @ldctodd ee2 BReles to

outside circuitry are connect t he 30 portions of 8‘6?5(1 col l ections
el ect r oeROONE Wﬁﬂ@i@ﬂfe'ﬂtﬁéefér@ﬁﬁé'dﬂ |36¢ﬂr@ﬁéﬁ|Pﬁ§'§V‘? anrdreoative @feéb'o as FIfYheY nor e,

one Sk'éthﬁé’s'z@sb@%nél%ﬁsmh' FrEeRelY, 4% bbnd branp A8 ksirdesT alcliBnddtoss ep
950 may b onbi ned with the process described in step 925 using a screen

printi n@ent*ééfmpq%ntwt SRWeeadhe pottigas. aMor%\Pquer?E’&o@ﬁlpPét"{rﬁd% the,grid
cony nakibafodes dr YePsHE8 TS 1HILHAT b@%dww@trﬁaea% PRt SBctRRRs 3y POt

limted to just screen printing techniques. In step 955, the
el ect r ofoyped ofatcenHestive enqterisd sely 25 sileerdpsie. @epmer mBsise 6300 TSt @RI RIS at

step 96fkebyRRk, %gfcbﬁcﬁjotn%)ﬁu@té?sgﬁmﬁﬁge@di @ﬂﬁo&%@@é}ﬂn@ﬁ&ﬂ'tﬁﬁ%\/@ﬁ@orﬁﬁ in

each of the cells The followi ng is”an exanple of a process for making a
nodul e of dye sensitized cells in accordance with an enbodi nent of this

i nvention. TF&:%YHrMB}eOMs@%hﬁJ 2805 'rr{a'iﬁbef S twBER EHROS it s ST Thé GRE @b des.
negative el ectrodes; platinum (Pt) | ms for counter electrodes; and silver

( AgY5 f i Ingulating: fiBLBGP t“ﬁé bgrthermapiastis wrésthﬁrﬂw eitnceet HYisurpble adhasbe: Qless

pr epar et Hrséé?gm% |§&I|zﬂ%'ﬂ @ﬁéu‘iﬁtuh@glnﬁr@b@%f b-Ehﬁseg Q(B 864 tMBerifcdk of tHemodlle and
Ag filnms were all 0 mm size fluorine doped

10
tin oxu@aef(nﬁrrdﬂs@am&tm \B95¢ mahsqfawéﬁt'nw%@ tOTE@V?Bt direst ¢RI Gt wi th

one CorE&weé@mV&Qctioee@awmth@paﬁ.eﬁls @\Smbtﬂlﬂeﬂﬂ@s”at es of dye-sensitized
solar cell nodule. Ag filmwth a network pattern was screen printed on the

FTO gl ass for both negative 15 electrodes and counter el ectrodes using a

ki ngh of | ow #@m&e@ fi‘itdéfr@te@@hr@éz%b@d|ﬁ1@¥pof55%ro§§§rfghQSse'ﬁ%lngQa FloglGler 6ndiye-
Materials Ltd.). lines were dried at 150C for 10 mi n. The Ag-coated

FTO gl asefsitiged @Ban@Fawep%th Ggeordarce With thg fventiod: atroseePihbegnimsten 10

pm t hi C%ST'b‘}Qfofrr‘nln@" filRRlcoNR&ctidh dWBninY SkBearNdedor ROMALREK obeRlhgl BBanik hat
was nmin size were coated by screen printi nﬁ usi ng a f| rst TiO2

Lo (GBI NS CLPANPDY ST & 1T UeDSRAE T PR8I I phiown in
terpi ”eﬂ%ﬂlre@rﬂsath%emgg' By BRSToPméR Bt r%n-&/@% dléédhaﬁﬁ@:pﬂ@@@l é’cﬁ‘ner&%n%

eth | ul ose and 70wt%ter i neol) on FTO ass w | i nes. The

pri ¥t ey UpPRhRUBAERIE 355D 'PW?é?‘éQf”é‘fe e Ff"é?%%‘”’rﬁs OAGFHRNA4CRT ed
Ti Q2 WagnerRRfeF0igY 7% foieB itiSroddh 5¢ B @psRBaistral S42ard ol DY ILsehitk-8554h -

step 907. As shown in Figure 6, first and second openings are preferably, diagonally
opposite one another in each cell. In step 910, a first transparent electrode 712 is formed on
upper transparent substrate 555 and second transparent electrode 711 is formed on lower
30 transparent substrate 655. The formation of the transparent electrodes is not limited o a
particular process. Examples of processes that be used include, but are not limited to
chemical vapor deposition (CVD), spray decomposition, and sputtering. One skilled in the
art will recognize that steps 905 and 910 are interchangeable. One skilled in the art will also
recognize that the step of forming first and second openings (as described in step 907) may
35 be carried out instead after the first and second transparent electrodes have been formed on

the respective transparent substrates as set out in step 810.



di carboxyl ato) rutheniun(l1) bis(tetrabutylamonium
acetonitrile/tert-butanol (1:1) dye solution for 20 hours. After the
soaking, the TiO2 was washed with acetonitrile. The negative el ectrode was
then dried and conpleted. 30Pt filns W8re then prepared by screen printing
using Pt pastes (1wt % H2Pt C16i 6H20, 5wt % et hyl cellul ose_and 94wt %

terpi neol ) ol SHEIOEH 486 nanaReredsnrastieendaglor nagalive BlRsIBHenBERI5 HE ate Poraedwer e
then si o4 8'1Rel e &%%é f\ﬁaaréq é%d?mdé%ﬁ%@'s%&&w&*?@ns‘b@%% %c%@ecﬂpdehe
Thernoplastic film(Su Dopond) was then used for sealin nd

i nsul at method EHorieg ﬂmmlﬁa@m'@onﬁwtﬁf {(egative gleshodrs SRR hisat| “v@ed to

el ectro [ [ il e was
Chen. nea barRlr RUBLCE SR °§€§?e%§§?¢§*ﬁﬁﬁ e e ST IR,
Bl

equi premethnds Iwéfsﬁgg igpsrgion ﬁféufeqmeth tained By digRessioe FoRmerdlly avsilaigml et e
Struct UggmichiR cﬁ%ﬁ%éfﬁ&es( th DMiitoy &Q&@fs@n 'F%ch% | %Q%@éélmd @i & bd. 03M

i odi ne, 0.1M guanidiniumthiocyanate and O. 4-tert-b é yridine in
acet oni PiEPRER yiRg ﬁh@{rgﬁing@moédaﬁ%t‘iﬁsﬂﬁ‘é 3@’@'!“}’@91 Afeoadded H re@r”ée‘éj)r iUSiNgcR hol es

in the gouH «%atﬁé‘?’ﬁétﬁ@dj@uch-rgheér&%@rsﬁﬂ&[né IhdhP S @dlﬁ‘éoé’cﬁ@dmb@zoﬂ hg gee@t the

pre-drilled hole he | arge-size dye-sensitized solar cell
modul e ade awidepadk-iat melied) iagqai{ cqayian &reihod Grinsa¥s FRRING Meteed mE jheolikes 104

Wasq@c hSFﬁYé?’E‘l lH?‘ﬂ'?erna?erérroﬁ 's@h‘l'ic%ﬁ@uctérec%tn HePMhleved vi I%Hf' oﬁﬁl@éh&rb(ﬂébenéﬂg he

above is escrl ption of enbodi ments of an inproved nodul e of
sensiti Qféﬂ‘@p'ﬁ@%@/‘(ﬂfﬂamf S@@W@ﬁ PAS-accordance with this invention. I t is
envi sioned that other can and will design alternative enbodinents of this

i nvention fromthe above description that infringe on this inventi on as set

forth in thelf ¥pp 88P.ri§e doaiive electredamelithe elly afeneemed on a1secpndoRE %6 6t a

plurali {ryns‘?.:faré?l‘( @128 b1 Z 3fld RRReS QY ﬂhﬁﬁia?erﬁ@léctrﬁéén?ﬁﬂ SiTH positive electrodes

a plurality of dye sensitized photovoltaic cells wherein each of said

pl utial | By oF formed by screen printing a catalyst material onto the transparent electrode. One
skilled in the art will recognize that other methods may be used without departing from this

invention.

In step 925, the portions of the grid collection electrodes are formed around the cell

20 electrodes. The grid collection electrodes may be formed by screen printing. However,

those skilled in the art will recognize that other processes for forming the portions of the grid
collection electrodes may be used without departing from this invention.

In step 930, an insulation layer that may include an adhesive is applied over both
25  portions of module 400 formed on substrates 555 and 655.

In step 940, the edges of upper portion 500 and lower portion 600 are aligned. The
portions are then affixed to one another in step 945. In step 950, the connection electrodes
for connecting the portions of the grid electrodes to outside circuitry are connected to the

30 portions of the grid collections electrodes through the connection openings formed in step
905. Furthermore, one skilled in the art will recognize that the process described in step 950
may be combined with the process described in step 925 using a screen printing technique.
Those skilled in the art will recognize that the combination of the processes described in step
925 and step 950 are not limited to just screen printing techniques.

35



5dye sensitized photovoltaic cells include a dye sensitized material that
rel eases electrons in response to exposure to light; and agrid
col | ection el ectrode surroundi ng each of said plurality of dye sensitized
photovoltaic cells for collecting said4el ectrons rel eased by said plurality
of dye sensitized photovoltaic cells conprising: 10a first stri

conduct i ve nhitsep 855, dhoelgetrolfticrnsatedaldeinséried ifforaacheath Brocess W%{?\@n ahdls y of

phot ovo‘lﬂt &b§ Eglesseglrr:rhéfﬂrgﬂ téqse% @%%%O%GTSﬁddscgggﬁglgﬁe nings 670-677 in ea fhaofstﬁézond

strip of con uct a secon one of said

pl ural i cgllsof dye sensitized photovoltaic cells, a
third strip of conductive naterial along a top side of each of said
15plurality of dye sensitized photovoltaic cells, a fourth

strifp of condoefdliveingas an exdmpleohg PCdRSs fasrmakintea ofodgtectf dye sgasitregiogial ity
of dye ﬁﬁegééotrbé'ﬁg \Rmta(?\\’glntb%%e]?\?vd]Sthlsafhgent:on Tutanlu oxide ﬁT;Oza} fidrglity

of strips of conductive nate erein each of Pouralty of strips
in adj anmﬂposquﬁe@nmor@dptaceﬂgatwne%ecéffodsau rlatisiuay éﬂ’t MmSo r ppenter glsictredasy

20phot O¥r9<{ Gief (ﬁ@l Rs forlbott e %‘eectr%escé@d Borhe WS @l'eetréd%s%é}%%f@édréa of

dye-sensiti zed ovoltalic cefFls conp P%
subst rawn@racbe:r@m arinking pesthedt Thatsefaealmm\iph“@%npi ranép‘\gsfdlmﬁa*@ée @H@ 8n

out &4 SHELRCGiyo 100 mm R 108WRh sSADRIHAL QopBHEn Q&Idé ﬁ%r%mctn@fr%dp& enpavi ng

an i nner surfac an outer surface wherein sal er surface of said
| oner sgless (BE@ Toad&Y Swiudirieahwith aanef eareerofemyued loman%wgf& gsed as the

a firstg %%%%gq)rfg S HELAQR, EQ[@E?’UIQ” said inner surface of a first one
of said upper substrate an sal ower substrate;
Ag film with a network pattern was screen printed on the FTO glass for both negative
15 electrodes and counter electrodes using a kind of low-temperature Ag paste (BYD 550,
Shanghai Baoyin Electronic Materials Ltd.). The Ag lines were dried at 150°C for 10 min.
The Ag-coated FTO glass for counter electrode was then sintered at 500°C for 5 min.

A 10 um thick TiO; film that was 20 nm in size and a 4 ym thick TiO; film that was
20 300 nm in size were coated by screen printing using a first TiO; paste (20wt% TiO; with 20
nm size, 10wt% ethyl cellulose and 70wt% terpineol) and a second TiO; paste (20wt% TiO,
with 300 nm size, 10wt% ethyl cellulose and 70wt% terpineol) on FTO glass with Ag lines.
The printed TiO, films were then sintered at 500°C for 15 min.

25 The sintered TiO, was soaked in 0.5 mm cis-diisothiocyanato-bis(2,2'-bipyridyl-4,4'-
dicarboxylato) ruthenium(il) bis(tetrabutylammonium) acetonitrile/tert-butanol (1:1) dye
solution for 20 hours. After the soaking, the TiO, was washed with acetonitrile. The

negative electrode was then dried and completed.

30 Pt films were then prepared by screen printing using Pt pastes (1wt% HyPtClg-6H:0,
5wt% ethyl cellulose and 94wt% terpineol) on FTO glass with sintered Ag lines. The printed
Pt films were then sintered at 400°C for 10 min. to complete the counter electrode.

Thermoplastic film (Surlyn 1702, Dopond) was then used for sealing and insulation.

35 The thermoplastic film was placed between negative electrodes and counter electrodes. The
dye-sensitized solar cell module was then assembled by completely overlapping the two
substrates. Hot-press equipment was used to melt the thermoplastic film and form the



a second transparent electrode formon said inner surface of a second one
of said upper substrate and said | ower substrate; a plurality
of nanopor ous sen conductor negative el ectrodes having forned on a surface
of one of said first transparent el ect¥ode and said second transparent
35el ectr ode; a photovoltaic dye absorbed into a surface of each of
sai d pl gempleteystafctunandp elestrelytee(ti b cuepybB-meihdimigazobtmadedidel €s03M prine,

a plurali : AR l.ec LN : r : ; of
A b R T e S ek
each on&tothssedlidthpughdhé pre-diillegddwilas ndhelceenteinelestrads. aTheimeplastigilot was

conduct 5%8 JIBS &) hBlse ANAe F@_m&gqokg‘ one of said plurality of nanoporous

sem conductor negative electrodes to formone 50f said plurality of dye
sens?ti zed photovoltaic cells; and wherein said grid collection el ectrode

is formed on [ o Wl I n des
Sur oundi ng Sd 1 PGzl @ Rdsylbl SbiaP il ERIE gk BRERRLENA MRIEHL L)
wher ei neseiigd cgnvatsion |effigncn of &. Bétwardachieved| wuler spige¢imWatar fs4 éd¥nWS.ohe of
said figghe ti(ﬁgcond transparent el ectrodes surroundi ng each of said
plurality of cell's. 4. The nodule of claim2 further conprising:
electrolytic material inserted between each said a plurality of nanoporous
15sedm conduc Y ; r j | of
poarli ve. el ol SIAk o Eeckl Y @ ert BPAP B dtnosil O Ble talatkia
photovoltaic cells in accordance with this invention. If is envisioned that other can and will

design alternative embodiments of this invention from the above description that infringe on

this invention as set forth in the following claims.



5. The nodule of claim4 wherein a plurality of first openings are defined
t hrough one of said upper and | ower substrates further wherein each of said
plurality of first 20openings is proximate one of said plurality of cells
to insert said electrolytic material ito said one of said plurality of
cells, said nodule further conprising: a plurality of first sealants
wher ei n eachV\ft sglampdissal ity of first sealants cl oses one of said
plurality of first openings through said one of said upper and | ower
substrates. 25 6. The nodule of claim5 wherein a plurality of second
openi ngs ar eldef i Adepduf firgluEHly Brve serpitizedehotameltaifppcostihisineat es furt her

wherein each of saidRlpoedyel %nohiz&LHRN MBRVMIFhbRIPEAN SRR MBIITr Ssai d
plurality of cells to insert said electrolytic material into said one of

sai & pl ur al i tye eengiiedsphajayaitaisoerliseintlude e Aye Gepeilizadhgraterizd thatplelfeafs ty of

second seal apkeirdMaah RdpoRECH Shos@kd RiHirad ty of second seal ants cl oses
one of said plurality of second openi ngs through said one of said upper and

| ower substrat es. @ grid colipctinp glackods sWTAINKNG &ARB OB FH PhEIY ok dyeysensiiced i ty

of first op_eprhcs}aﬁoathm BOR RF Mg BAidrabitions Oelea8bd by Saifli sitidityf boayeONe of
said plurality of second openings’in said one of said plurality of dye
sensi tized céfnsdized pRotgvaaic ¢RYEGPEPEFING| ai m 7 wherein said one of plurality

of fdrst openings in oa;ﬁrs%tri?%féormd&a@é inkderiaf 6] 4 SrstsiRg@nalitst oRPRBPSAE O
said one of said plurali tiégco second openings in said one of said plurality

of dye sensi Piugdity f ehpvolkaic qells amsiisesiéy ofgaid Mr8uleherein said plurality of

first openings and saiggecond strip of conductive material along a second side of a last one
of said plurality of dye sensitized photovoltaic cells,
a third strip of conductive material along a top side of each of said
15 plurality of dye sensitized photovoltaic cells,
a fourth strip of conductive material along a bottom side of each of
said plurality of dye sensitized photovoltaic cells, and
a plurality of strips of conductive material wherein each of said
plurality of strips in adjacent sides of adjacent ones of said plurality of dye sensitized

20 photovoltaic cells.

2. The module of claim 1 wherein said plurality of dye-sensitized photovoltaic
cells comprise:

a upper substrate made of transparent material having an inner surface and

25 an outer surface;

a lower substrate made of transparent material having an inner surface and
an outer surface wherein said inner surface of said lower substrate faces said inner
surface of said upper substrate;

a first transparent electrode formed on said inner surface of a first one of said

30 upper substrate and said lower substrate;

a second transparent electrode form on said inner surface of a second one of
said upper substrate and said lower substrate;

a plurality of nanoporous semiconductor negative electrodes having formed
on a surface of one of said first transparent electrode and said second transparent

35 electrode;
a photovoltaic dye absorbed into a surface of each of said plurality of

nanoporous semiconductor negative electrodes;



plurality of second openings are on a sane one of said upper and | ower
substrates. 10. The nodule of claim2 wherein said grid electrode is
formed on one of said first and second transparent electrodes. 10 11. The
modul e of claim 2 wherein said grid elldctrode conpri ses: a first

portion that is forrred on said first transparent el ectrode surroundl ng said
plurality of cell@Pplugliy of positive electrodes formed o8- $HRCE S £iSSROThEARE PG ned

on sai d secofidt Ttr'éaéb%kaélrrt%ct.@tjs%rrdw&oﬂaéawné@&aﬁlﬂ agctmedwﬁbﬂérrabaém@é otel |'s.
12. The nodul e of claim 11 further conpri si i nsul ativ

material bet §#d ﬁi%ﬁnﬂ of m%ttveaﬁﬁpt@é%ma NI f*ﬁ”bﬁ%c%ﬁdugt&’ed“@'ief‘a‘ )9 (M3

el ectricall yid sfeudrabry Savattyfof hahodRsdd %@drﬂ@bt@ahébéﬁé@%trl@@éd oG65n Bhe Sal d
20grid electrode to connect said plurality of cells in parallel. 13. The

nodw? e of cl a.srﬁ'dzp'wr?éwéﬁﬁv%sensr*@@d@bem\'ﬂ'&*q ellge?hed through one of said

upper and | ower syRsiipdak$ gAddolciET BIRBtreuRaEB diehedi oot Akirst bASLE il fifst sd
openi ng defined through one of said upper and owerlturagbstrahes sai d nodul e

further 25coffionditiggsparent elecofes s{mUsRiNg MG’ BICE 8o %ed in said
first opening connected to said grid el ectrode; and a second
connecting electrode forned in said second opening connected to said grid
el ectrode wheér ei n 198i"oqy'e 8t clgify 2s¥s7in %?%Wp&:f;‘?'ﬁgt'%] %‘@f’tlr?fﬁ'e%* a(t?‘?oa%
30et@ctrons pRadRcoH Shelsr NS tiRMnd éé’oona'fﬁ%nﬁwéﬂt%fé&ro@bﬁb@ﬁrd&dmet}’a@h Rf sai d
first and secaond o%enl ngs are defined in diagonally opposite corners of

sai d modul e. S PYIrAREOT U e of claim 13 wherein said first opening is
formed through a first

4. The module of claim 2 further comprising:
electrolytic material inserted between each said a plurality of nanoporous
15 semiconductor negative electrodes and a mated one of said plurality of positive

electrodes in each of said plurality of cells.

5. The module of claim 4 wherein a plurality of first openings are defined through
one of said upper and lower substrates further wherein each of said plurality of first

20 openings is proximate one of said plurality of cells to insert said electrolytic material
into said one of said plurality of cells, said module further comprising:

a plurality of first sealants wherein each of said plurality of first sealants
closes one of said plurality of first openings through said one of said upper and lower
substrates.

25
6. The module of claim 5 wherein a plurality of second openings are defined
through one of said lower and upper substrates further wherein each of said plurality
of second openings is proximate one of said plurality of cells to insert said electrolytic
material into said one of said plurality of cells, said module further comprising:

30 a plurality of second sealants wherein each of said plurality of second
sealants closes one of said plurality of second openings through said one of said

upper and lower substrates.

7. The module of claim 6 wherein one of said plurality of first openings in one of
35 said plurality of cells is distal from one of said plurality of second openings in said

one of said plurality of dye sensitized cells.



one of said upper and | ower substrates and said second opening is forned

t hrough a second one of said upper and | ower substrates. 19 16. The nodul e
of claim 13 wherein said first and second openings are forned in a sane one
of said upper and | ower substrates. 518. The nodul e of claim 13 wherein
edges of said upper and | ower substrates are aligned. 18. The nodul e of

cl ai m 2 wher&i n sBheimppulstof glain Jecharein seigrons0f hiraldy etiirsberaningsdn gne of
conductive Al | faar c/ ; i ing a
Bl ural ity of " SEER, i cliyopdTBpaiea 8] ot e e ol Rehet 18 2
first transpepaingsdn szt oodef erid ahralivhelrdyssengiizedarelly first one of a first
transparent substrate and a second transparent substrate; 15formng a

second transparent electrode on an inner surface of a second one of said
first transp8rent TRaubeadule of sirimsaiwhaseiposald thiyapaf elitst snpyrgsared said

formng a pl Pkbﬁéliiytdf_sé’éor{aa%b%ﬁgip@'éﬁe 55%5@8%%%]?5@8%%6%#&% 18l &dUbedggs havi ng

a dye of photovol'taic nat on a surface of eac said plurality of
nanopor ous seni conductor negative electrodes on a first one of said first

and second t§@nspaieplodaeed %iﬁq?gviﬁéreEn said gritl RAOHE M fRmedRr orff ofcdichl yst

material on a second one of]c sai rst and second transparent el ectrodes
wher ei n sai dfilsbgnstsespn¢ Hargppsant gigctedssal acts as positive el ectrodes in

eacfp of a plurality of photovoltaic cells forned with said plurality of

nanopor ous semn conductor negative el ectrodes; 25formng a first grid

el ectrode suttounthagodde @f pein aMhejeinsaig e lasireds ecraprisesi d

a first portion that is formed on said first transparent electrode surrounding
said plurality of cells; and
a second portion that is formed on said second transparent electrode

15 surrounding said piurality of cells.

12. The module of claim 11 further comprising:
insulative material between said first and second portions of said grid
electrode to electrically insulate said first portion from said second portions of said

20 grid electrode to connect said plurality of cells in parallel.

13.  The module of claim 2 wherein a first opening is defined through one of said
upper and lower substrates and a second opening distal from said first opening
defined through one of said upper and lower substrates, said module further
25 comprising:

a first connecting electrode formed in said first opening connected to said grid
electrode; and

a second connecting electrode formed in said second opening connected to
said grid electrode wherein said first and second connecting electrodes transfer

30 electrons to an outside system.

14. The module of claim 13 wherein said first and second openings are defined in

diagonally opposite corners of said module.

35 15. The module of claim 13 wherein said first opening is formed through a first
one of said upper and lower substrates and said second opening is formed through a

second one of said upper and lower substrates.



first one of said first and second transparent el ectrodes; formng a
second grid el ectrode on said second one of said first and second
transparent el ectrodes; formng an insulation |ayer over one of said first
and second grid el ectrodes; 30and 19 affixing said first transparent
substrate to said second transparent substrate with said inner surface of
said first transparent substrate affronting said inner surface of said

second transpgr en‘i‘h%h%%l@%tf %mﬁ%%@t’&n W5k hi?éi 2Rk s%!:(ﬁﬁ%ﬁe% rgdrdrd flrmed in

conpri si ng: Irst opening th roug one of said first and
second trans@éﬁ@ﬁpﬂ§@b§®¢HP@@%ﬁﬁﬂoﬁﬁvﬁméwmgﬁl plurality of cells; 20

I nserting electrolytic material into each of said plurality of ceIIs

t hrough said first opening of each of said plurality of cells; and

seald ng sai d1Ti r sThopedilagf eipire 48 whefeirs adapsif gaid]uppgr @1d lpwer sUbsEales AL ve
i nserting say nggectrolytlc material into each of said plurality of cells.
5 21. The net'’hod of claim 20 further conprising: formng a second
openi ng through one of said first and second transparent substrates for

each of saidypl urald ibdofe &%.ﬁq é%&% Lhitiahs 1 bR fahiietlolddodes
electrolytlc material ; and 1l0sealing said second opening of each of said

plurality ofageé ¢%‘dﬂét9f§dﬁﬁﬁwiqensertl ng said electrolytic material into
eaciy of said plurality of cells. 22. The nethod of claim 21 wherein said

first and second openi ng are in a sanme one of said first and second
substrate. 19. A method for producing a module including a plurality of dye sensitized

photovoltaic cells comprising:
forming a first transparent electrode on an inner surface of a first one of a first
transparent substrate and a second transparent substrate;
15 forming a second transparent electrode on an inner surface of a second one
of said first transparent substrate and said second transparent substrate;
forming a plurality of nanoporous semiconductor negative electrodes having a
dye of photovoltaic material on a surface of each of said plurality of nanoporous
semiconductor negative electrodes on a first one of said first and second transparent
20 electrodes;
depositing a layer of catalyst material on a second one of said first and
second transparent electrodes wherein said layer of catalyst matetrial acts as
positive electrodes in each of a plurality of photovoltaic cells formed with said plurality
of nanoporous semiconductor negative electrodes;
25 forming a first grid electrode surrounding said plurality of photovoltaic on said
first one of said first and second fransparent electrodes;
forming a second grid electrode on said second one of said first and second
transparent electrodes;
forming an insulation layer over one of said first and second grid electrodes;
30 and
affixing said first transparent substrate to said second transparent substrate
with said inner surface of said first transparent substrate affronting said inner surface

of said second transparent substrate.

35 20.  The method of claim 19 further comprising:
forming a first opening through one of said first and second transparent

substrates for each of said plurality of cells;



15 23. The nethod of claim 21 wherein said first and second openi ngs are
di agonal |y opposite in each of said plurality of cells. 24. The nethod of
claim19 further conprising: 20form ng a first connection opening through a
first one of said first and second sul@rates; form ng a second

connection opening through a second of said first and second substr at es;
connect i ng sai d gineertiag elackebilic materiall inip esah @f said RHurali ohrelsafhrouahrsdid and

25second subgfy @‘S%Qté} dach bf $lid RMNBLLA Bls:@hgct rode through said first
connection opening; connecting said grid electrode on said

second one of sai aeahn%ﬁldatﬁ‘a %e*aa@f§a%i"s9fr%ﬁﬂ%e|UE9ditVan§§H~%f?épefb%\f?e'6W8fﬂﬂ

el ectrode théw%cﬁayﬁk PEEABONSUHRR S 528 pRPAR) Hield0 25. The method of
claim 24 wherein said first and second connecti on openi ngs are on opposi ng

corners of said nodule. 26. The nethod of claim25 wherein said first and

second openi Bgs ameHet@@g#b@{m§5%r}q1e$@b,qpﬁé"ﬁg$t and second connection
el ectrodes are triangul ar. hod of claim 24 wherein said

step of affixing Paniera ﬁ%‘tonérﬂi)e@é@oﬁhﬁp@bbgler%ftsé’éd tishprd segond transparent

al i ?R' ng all sqriaRe RAAg=Nh0br sakdplidift oR RIS 86 aBElitaIaDsAIEahES VA 1T Qe
anot her .
electrolytic material; and
10 sealing said second opening of each of said plurality of celis responsive

inserting said electrolytic material into each of said plurality of cells.

22. The method of claim 21 wherein said first and second opening are in a same

one of said first and second substrate.

15
23. The method of claim 21 wherein said first and second openings are
diagonally opposite in each of said plurality of cells.
24, The method of claim 19 further comprising:
20 forming a first connection opening through a first one of said first and second
substrates;
forming a second connection opening through a second of said first and
second substrates;
connecting said grid electrode formed on said first one of said first and
25 second substrates to a first connecting electrode through said first connection
opening; and
connecting said grid electrode on said second one of said first and second
substrates to a second connection electrode through said second connection
opening.
30

25, The method of claim 24 wherein said first and second connection openings

are on opposing corners of said module.

286. The method of claim 25 wherein said first and second openings are triangular

35 and said first and second connection electrodes are triangular.



28. The nmethod of claim 19 wherein said first and second transparent
el ectrodes are a conductive netal oxide.

21

27. The method of claim 24 wherein said step of affixing said first and second

substrates comprises:
aligning all common edges of said first and second substrates with one

another.

28. The method of claim 19 wherein said first and second transparent electrodes

are a conductive metal oxide.



